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ABSTRACT 



CTLA4- immunoglobulin fusion proteins having modified 
immunoglobulin constant region-mediated effector func- 
tions, and nucleic acids encoding the fusion proteins, arc 
described. The CrLA4-immunoglobulin fusion proteins 
comprise two components: a first peptide having a CTLA4 
activity and a second peptide comprising an immunoglobu- 
lin constant region which is modified to reduce at least one 
constant region-mediated biological effector function rela- 
tive to a CTLA4-IgGl fusion protein. The nucleic acids of 
the invention can be integrated into various expression 
vectors, which in turn can direct the synthesis of the corre- 
sponding proteins in a variety of hosts, particularly eukary- 
otic cells. The CTLA4-immunoglobulin fusion proteins 
described herein can be administered to a subject to inhibit 
an interaction between a CTLA4 ligand (e.g., B7-1 and/or 
B7-2) on an antigen presenting cell and a receptor for the 
C11A4 ligand (e.g., CD28 and/or CTLA4) on the surface of 
T cells to thereby suppress an immune response in the 
subject, for example to inhibit transplantation rejection, graft 
versus host disease or autoimmune responses. 
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...ABSTRACT: cells and CTLA-4 on T cells have been shown to be important in 
establishing ***tolerance*** . In the present study, we examined the 
kinetics of ***tolerance ++ * induction following i.v. administration of 
myelin basic protein (MBP) Acl-11 in mice transgenic. . . 

...node cell (LNC) response 10 days after antigen administration 

demonstrated an accentuation of i.v. * **tolerance*** induction with 

***anti**+ - ***CTLA + ** -4 blockade. Anergy was induced in splenocytes 
i.v. antigen administration as shown by a decrease in MBP-specific 
proliferation and IL-2 production, and anti-CTLA-4 

potentiated this effect. In addition, i.v. antigen plus ***anti*** 

+*+CTLA*** -4 and complete Freund's adjuvant was not encephali togenic . 

Interestingly, i.v. * * * tolerance** * (a single injection) did not inhibit 

experimental autoimmune encephalomyelitis (EAE) and anti-CTLA 

-4 administration did not alter this phenotype. These results suggest 

that while the majority of... 
. . .T cells are tolerized by i.v. antigen and that this process is 

potentiated by anti-CTLA-4 administration, a population of T 

cells remains that is quite efficient in mediating EAE. 
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...ABSTRACT: that co-stimulation provided by B7 molecules through CTLA-4 is 
important in establishing peripheral ***tolerance*** . In the present 
study, we examined the kinetics of tolerance induction and T cell 
differentiation following i.p. administration of myelin basic protein 
(MBP) Acl. 

...node cell response after antigen administration demonstrated a 

dependence on CTLA-4 for i.p. ***tolerance* + * induction. Examination of 
splenocyte responses suggested that i.p. antigen administration induced a 
Th2 response, which was potentiated by anti-CTLA-4 

administration. Interestingly, i.p. *+*tolerance*** was able to inhibit 
the induction of experimental autoimmune encephalomyelitis and anti 
-CTLA-4 administration did not alter this phenotype, suggesting 
that CTLA-4 blockade did not block ***tolerance*** induction. Thus, T 
cell differentiation and the dependence on CTLA-4 for tolerance 
induction following i.p. antigen administration differs between lymph 
node and spleen in a model... 
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...ABSTRACT: interleukin (IL)-12, a potent inducer of Thl responses, 

regulating this process. T cell *** tolerance** * was induced by 

administration of protein antigen without adjuvant in normal mice, 



...from T cell receptor transgenic mice. The administration of IL-12 at the 
time of tolerance induction stimulates Thl differentiation, but 
does not promote antigen-specific T cell proliferation. Conversely, 
inhibiting . . . 

...differentiation. T cells exposed to tolerogenic antigen in the presence 
of both IL-12 and anti-CTLA-4 antibody are not energized, and 
behave identically to T cells which have encountered immunogenic. . . 

...the differentiation of T cells into Thl effector cells. The combination 
of IL-12 and anti-CTLA-4 antibody is sufficient to convert a 
normally tolerogenic stimulus to an immunogenic one. 
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...was more pronounced at late (72 h) time points after initial activation. 
The effects of anti-CTLA-4 mAbs were most apparent in the 
presence of optimal CD28-mediated co-stimulation consistent... 
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...expression increased, and high levels of CTLA-4 (CD152) expression were 
induced. Although addition of ***anti*** - ***CTLA*** -4 Ab augmented 
proliferation in response. to soluble peptide, no protection from 

* **apoptosis*** or anergy was observed. Neither Fas nor TNF-alpha was 
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...T presentation. Taken together, these data suggest that T:T Ag 
presentation induces anergy and apoptosis in murine CD8sup + T cells 
and may reflect the regulatory consequences of T:T interactions... 
MEDICAL DESCRIPTORS: 

clonal anergy; apoptosis; cell survival; cell proliferation; 
immunostimulation; protein expression; cell interaction; nonhuman; female; 
mouse; controlled study; animal... 
1998 



17/KWIC/10 (Item 5 from file: 73) 

DIALOG(R) File 73: (c) 2007 Elsevier B.V. All rts. reserv. 

...down-regulation of T cell responses. Interestingly, while IL-2 
production was shut off, inhibitory anti-CTLA-4 mAbs permitted 
induction and expression of the cell survival gene bcl-X(L). Consistent 
with this observation, cells remained viable and apoptosis was not 
detected after CTLA-4 ligation. 
1998 



17/KWIC/ll (Item 6 from file: 73) 

DIALOG(R) File 73: (c) 2007 Elsevier B.V. All rts. reserv. 
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... +**1999*** , 

. . . cells and CTLA-4 on T cells have been shown to be important in 
establishing ***tolerance*** . In the present study, we examined the 
kinetics of +++ tolerance** + induction following i.v. administration of 
myelin basic protein (MBP) Acl-11 in mice transgenic... 

node cell (LNC) response 10 days after antigen administration 
demonstrated an accentuation of i.v. ** + tolerance*** induction with 

***anti*** - +++CTLA*** -4 blockade. Anergy was induced in splenocytes by i.v. 
antigen administration as shown by a decrease in MBP-specific proliferation 
and IL-2 production, and ***anti*** - ***CTLA*** -4 potentiated this effect. 
In addition, i.v. antigen plus **+anti*** - ***CTLA*** -4 and complete 
Freund's adjuvant was not encephalitogenic . Interestingly, i.v. 
tolerance (a single injection) did not inhibit experimental 
autoimmune encephalomyelitis (EAE) and anti-CTLA -4 
administration did not alter this phenotype. These results suggest that 
while the majority of. . . 

... T cells are tolerized by i.v. antigen and that this process is 
potentiated by anti-CTLA -4 administration, a population of T 
cells remains that is quite efficient in mediating EAE. 

Descriptors: * Antigens, Dif f erentiation--physiology — PH; *Encephalomyelit 
is, Autoimmune, Experimental--immunology--IM; ^Immune Tolerance; 
*Immunocon jugates ; ^Myelin Basic Proteins--administration and dosage--AD; 
*T- Lymphocytes --physiology — PH 



17/KWIC/13 (Item 2 from file: 155) 

DIALOG (R) File 155: (c) format only 2007 Dialog. All rts. reserv. 

***1998* + * , 

. . . CD4+CD8+ double positive cells in fetal thymic organ cultures could 
also be inhibited by * **anti*** - +++ CTLA *+* -4 antibodies. Thus, our data 
provide evidence for a role of CTLA-4 in thymic. . . 

; Animals; Antigens, CD; Apoptosis; Intracellular Signaling 
Peptides and Proteins; Lymphocyte Activation; Lymphocyte Depletion; Mice; 
Mice, Inbred C57BL; Protein-Tyrosine . . . 
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T:T antigen presentation by activated murine CD8+ T cells induces anergy 
and ***apoptosis + ** 
***1998*** 

... peptide led to nonresponsiveness to Ag rechallenge. This was due to 
the simultaneous induction of apoptosis, involving approximately 40% 
of the T cells, and of anergy in the surviving cells. These... 

... C6 cells to peptide-pulsed T cells from the same clone induced 
proliferation but not * **apoptosis*** or anergy. The inhibitory effects of 
T:T presentation were not due to a lack. . . 

... expression increased, and high levels of CTLA-4 (CD152) expression were 
induced. Although addition of + **anti *** - +++CTLA*** -4 Ab augmented 
proliferation in response to soluble peptide, no protection from 

***apoptosis* + * or anergy was observed. Neither Fas nor TNF-alpha was 



expressed/produced by the C6. 



... T presentation. Taken together, these data suggest that T:T Ag 
presentation induces anergy and apoptosis in murine CD8+ T cells and 
may reflect the regulatory consequences of T:T interactions... 

ME; Antigens, CD80 — metabolism — ME; Antigens, CD86; Antigens, CD95 
— metabolism — ME; Antigens, Differentiation—metabolism — ME; Apoptosis %% 
% — immunology — IM; Clone Cells; H-Y Antigen; Lymphocyte Activation; 
***Membrane Glycoproteins — metabolism— ME; Mice; Mice...*** 
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***1998*** , 

... down-regulation of T cell responses. Interestingly, while IL-2 
production was shut off, inhibitory anti-CTLA-4 mAbs permitted 
induction and expression of the cell survival gene bcl-X(L). Consistent 
with this observation, cells remained viable and apoptosis was not 
detected after CTLA-4 ligation. 
? t sl7/7/all 
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The role of CTLA-4 in tolerance induction and T cell differentiation 

in experimental autoimmune encephalomyelitis: I. v. antigen administration 
AUTHOR: Ratts Robert B; Arredondo LaChelle R; Bittner Patrice; Perrin Peter 

J; Lovett-Racke Amy E; Racke Michael K (Reprint) 
AUTHOR ADDRESS: Department of Neurology, University of Texas Southwestern 

Medical Center, 5323 Harry Hines Boulevard, Dallas, TX, 75235-9036, USA** 
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JOURNAL: International Immunology 11 (12): pl889-1895 Dec, 1999 
1999 

MEDIUM: print 
ISSN: 0953-8178 
DOCUMENT TYPE: Article 
RECORD TYPE: Abstract 
LANGUAGE: English 

ABSTRACT: Interactions between B7 molecules on antigen-presenting cells and 
CTLA-4 on T cells have been shown to be important in establishing 

***tolerance*** . In the present study, we examined the kinetics of 
***tolerance*** induction following i.v. administration of myelin basic 
protein (MBP) Acl-11 in mice transgenic for a TCR Vbeta8.2 gene derived 
from an encephalitogenic T cell clone specific for MBP Acl-11. 
Examination of the lymph node cell (LNC) response 10 days after antigen 
administration demonstrated an accentuation of i.v. *** tolerance** * 
induction with ***anti*** - **+ CTLA +++ _ 4 blockade. Anergy was induced in 
splenocytes by i.v. antigen administration as shown by a decrease in 
MBP-specific proliferation and IL-2 production, and anti-CTLA 
-4 potentiated this effect. In addition, i.v. antigen plus ***anti*** 

***CTLA** + -4 and complete Freund's adjuvant was not encephalitogenic. 
Interestingly, i.v. ***tolerance* * * (a single injection) did not inhibit 
experimental autoimmune encephalomyelitis (EAE) and anti-CTLA 
-4 administration did not alter this phenotype. These results suggest 
that while the majority of MBP-specific T cells are tolerized by i.v. 
antigen and that this process is potentiated by anti-CTLA-4 
administration, a population of T cells remains that is quite efficient 
in mediating EAE. 



17/7/2 (Item 2 from file: 5) 

DIALOG (R) File 5:Biosis Previews (R) 
(c) 2007 The Thomson Corporation. All rts . reserv. 

15561658 BIOSISNO.: 200000279971 

The role of CTLA-4 in tolerance induction and T cell differentiation 

in experimental autoimmune encephalomyelitis: I. p. Antigen administration 
AUTHOR: Ratts Robert B; Arredondo LaChelle R; Bittner Patrice; Perrin Peter 

J; Lovett-Racke Amy E; Racke Michael K (Reprint) 
AUTHOR ADDRESS: Department of Neurology, University of Texas Southwestern 
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JOURNAL: International Immunology 11 (12): pl881-1888 Dec, 1999 
1999 

MEDIUM: print 
ISSN: . 0953-8178 
DOCUMENT TYPE: Article 
RECORD TYPE: Abstract 
LANGUAGE: English 

ABSTRACT: Recent evidence suggests that co-stimulation provided by B7 
molecules through CTLA-4 is important in establishing peripheral 

***tolerance*** . In the present study, we examined the kinetics of 
***tolerance*** induction and T cell differentiation following i.p. 
administration of myelin basic protein (MBP) Acl-11 in mice transgenic 
for a TCR Vbeta8.2 gene derived from an encephalitogenic T cell clone 
specific for MBP Acl-11. Examination of the lymph node cell response 
after antigen administration demonstrated a dependence on CTLA-4 for i.p. 

***tolerance*** induction. Examination of splenocyte.' responses suggested 
that i.p. antigen administration induced a Th2 response, which was 
potentiated by. ***anti*** - +++ CTLA +++ _ 4 administration. Interestingly 
i.p. ***tolerance*** was able to inhibit the induction of experimental 
autoimmune encephalomyelitis and anti-CTLA-4 administration 
did not alter this phenotype, suggesting that CTLA-4 blockade did not 
block ***tolerance*** induction. Thus, T cell differentiation and the 
dependence on CTLA-4 for ***tolerance*** induction following i.p. antige 
administration differs between lymph node and spleen in a model of 
organ-specific autoimmunity. 
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CTLA-4 blockade reverses CD8 + T cell tolerance to tumor by a CD4+ T 

cell- and IL-2-dependent mechanism 
AUTHOR: Shrikant Protul; Khoruts Alexander; Mescher Matthew F (Reprint) 
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ABSTRACT: A tumor-specific CD8 + T cell response was studied using adoptive 
transfer of OT-I TCR transgenic cells. Upon i.p. challenge with E . G7 
tumor, OT-I cells undergo CD4 + T cell-independent expansion at the tumor 



site and develop lytic function. Before tumor elimination, however, they 
leave the peritoneal cavity (PC) and appear in the LN and spleen where 
they exhibit "split anergy" and cannot further proliferate to antigen. 
Administering anti-CTLA-4 mAb early caused sustained OT-1 
expansion in the PC, and late administration caused the OT-I cells to 
return to the PC and further expand; in both cases, tumor was controlled. 
These effects required CD4 + T cells and IL-2 and appear to result from 
reversal of the nonresponsive state of the CD8+ T cells. 
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Role of interleukin 12 and costimulators in T cell anergy in vivo 
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ABSTRACT: The induction of T cell anergy in vivo is thought to result from 
antigen recognition in the absence of co-stimulation and inflammation, 
and is associated with a block in T cell proliferation and Thl 
differentiation. Here we have examined the role of interleukin (IL)-12, a 
potent inducer of Thl responses, in regulating this process. T cell 
tolerance was induced by the administration of protein antigen 
without adjuvant in normal mice, and in recipients of adoptively 
transferred T cells from T cell receptor transgenic mice. The 
administration of IL-12 at the time of tolerance induction 
stimulates Thl differentiation, but does not promote antigen-specific T 
cell proliferation. Conversely, inhibiting CTLA-4 engagement during 
anergy induction reverses the block in T cell proliferation, but does not 
promote fun Thl differentiation. T cells exposed to tolerogenic antigen 
in the presence of both IL-12 and anti-CTLA-4 antibody are 
not energized, and behave identically to T cells which have encountered 
immunogenic antigen. These, results suggest that two processes contribute 
to the induction of anergy in vivo; CTLA-4 engagement, which leads to a 
block in the ability of T cells to proliferate to antigen, and the 
absence of a prototypic inflammatory cytokine, IL-12, which prevents the 
differentiation of T cells into Thl effector cells. The combination of 
IL-12 and anti-CTLA-4 antibody is sufficient to convert a 
normally tolerogenic stimulus to an immunogenic one. 
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CTLA-4 ligation blocks CD28-dependent T cell activation 
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ISSN: 0022-1007 
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RECORD TYPE: Abstract 
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ABSTRACT: CTLA-4 is a CD28 homologue believed to be a negative regulator of 
T cell function. However, the mechanism of this downregulatory activity 
is not well understood. The present study was designed to examine the 
effect of CTLA-4 ligation on cytokine production, cell survival, and cell ■ 
cycle progression. The results demonstrate that the primary effect of 
CTLA-4 ligation is not the induction of ***apoptosis*** . Instead, CTLA-4 
signaling blocks IL-2 production, IL-2 receptor expression, and cell 
cycle progression of activated T cells. Moreover, the effect of CTLA-4 
signaling was manifested after initial T cell activation. Inhibition of 
IL-2 receptor expression and cell cycle progression was more pronounced 
at late (72 h) time points after initial activation. The effects of 
anti-CTLA-4 mAbs were most apparent in the presence of 
optimal CD28-mediated co-stimulation consistent with the finding that 
CTLA-4 upregulation was CD28-dependent . Finally, the addition of 
exogenous IL-2 to the cultures restored IL-2 receptor expression and T 
cell proliferation. These results suggest that CTLA-4 signaling does not 
regulate cell survival or responsiveness to IL-2, but does inhibit 
CD28-dependent IL-2 production. 



17/7/6 (Item 1 from file: 73) 

DIALOG (R) File 7 3 : EMBASE 
(c) 2007 Elsevier B.V. All rts. reserv. 

07900450 EMBASE No: 1999374235 

CTLA-4 blockade reverses CD8sup + T cell tolerance to tumor by a 
CD4sup + T cell- and IL-2-dependent mechanism 
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A tumor-specific CD8sup + T cell response was studied using adoptive 
transfer of OT-I TCR transgenic cells. Upon i.p. challenge with E.G7 tumor, 
OT-I cells undergo CD4sup + T cell-independent expansion at the tumor site 
and develop lytic function. Before tumor elimination, however, they leave 
the peritoneal cavity (PC) and appear in the LN and spleen where they 
exhibit 'split anergy' and cannot further proliferate to antigen. 
Administering anti- CTLA-4 mAb early caused sustained OT-1 
expansion in the PC, and late administration caused the OT-I cells to 
return to the PC and further expand; in both cases, tumor was controlled. 
These effects required CD4sup + T cells and IL-2 and appear to result from 
reversal of the nonresponsive state of the CD8sup .+ T cells. 
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Long-term survival of skin allografts induced by donor splenocytes and 



anti-CD154 antibody in thymectomized mice requires CD4sup + T cells, 
interferon- gamma, and CTLA4 

Markees T.G.; Phillips N.E.; Gordon E.J.; Noelle R.J.; Shultz L.D.; 
Mordes J. P.; Greiner D.L.; Rossini A. A. 
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Treatment of C57BL/6 mice with one transfusion of BALB/c spleen cells and 
anti-CD154 (anti-CD4 0-ligand) antibody permits BALB/c islet grafts to 
survive indefinitely and BALB/c skin grafts to survive for - 50 d without 
further intervention. The protocol induces long-term allograft survival, 
but the mechanism is unknown. We now report: (a) addition of thymectomy to 
the protocol permitted skin allografts to survive for > 100 d, suggesting 
that graft rejection in euthymic mice results from thymic export of 
alloreactive T cells, (b) Clonal deletion is not the mechanism of 
underlying long-term graft survival, as recipient thymectomized mice were 
immunocompetent and harbor alloreactive T cells, (c) Induction of skin 
allograft acceptance initially depended on the presence of IFN-gamma, 
CTLA4, and CD4sup + T cells. Addition of ***anti*** - **+CTLA4*** or 
anti-IFN-gamma mAb to the protocol was associated with prompt graft 
rejection, whereas anti-IL-4 mAb had no effect. The role of IFN-gamma was 
confirmed using knockout mice, (d) Graft survival was associated with the 
absence of IFN-gamma in the graft, (e) Long-term graft maintenance required 
the continued presence of CD4sup + T cells. The results suggest that, with 
modification, our short-term protocol may yield a procedure for the 
induction of long-term graft survival without prolonged immunosuppression. 
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CTLA-4 regulates tolerance induction and T cell differentiation in 
vivo 
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Cytotoxic T lymphocyte Ag-4 (CTLA-4; CD152) is an important T cell 
regulatory molecule. In vitro experiments have shown that the blockade of 
signals through CTLA-4 augments T cell expansion, while CTLA-4 
cross-linking results in decreased T cell proliferation due to decreased 
IL-2 production. However, less is known about the role of CTLA-4 in 
regulating an ongoing immune response. In this study, we examined the role 
of CTLA-4 in the expansion, decline, tolerization, and differentiation of T 
cells following treatment with staphylococcal enterotoxin B (SEB). 
Anti-CTLA-4 treatment resulted in increased numbers of 



SEB-reactive T cells and blockade of subsequent ***tolerance*** induction. 
Further examination of the SEB-reactive cells from anti-CTLA 
-4-treated mice demonstrated that both the CD4sup + and CD8sup + Vbeta8sup 
+ T cells produced IL-4, providing evidence that not only do signals 
through CTLA-4 regulate T cell-tolerizing events, but they also play an 
important role in the differentiation of T cells in vivo. 
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T:T antigen presentation by activated murine CD8sup + T cells induces 
anergy and apoptosis 
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Using an IL-2-secreting, noncytolytic, H-Y-specif ic, CD8sup + T cell 
clone, the functional consequences of Ag presentation by T cells to T cells 
were investigated. Incubation of the T cells with H-Y-soluble peptide led 
to nonresponsiveness to Ag rechallenge. This was due to the simultaneous 
induction of apoptosis, involving approximately 4 0% of the T cells, 
and of anergy in the surviving cells. These effects were strictly dependent 
upon bidirectional T:T presentation, in that exposure of C6 cells to 
peptide- pulsed T cells from the same clone induced proliferation but not 

***apoptosis*** or anergy. The inhibitory effects of T:T presentation were 
not due to a lack of cos timulation, since the T cells expressed levels of 
CD80 and CD86 higher than those detected on cultured dendritic cells and 
equipped them to function as efficient APCs for primary CD8sup + T cell 
responses. Following incubation with soluble peptide, CD80 expression 
increased, and high levels of CTLA-4 (CD152) expression were induced. 
Although addition of anti-CTLA-4 Ab augmented proliferation in 
response to soluble peptide, no protection from apoptosis or anergy 
was observed. Neither Fas nor TNF-alpha was expressed/produced by the C6 
cells, and coligation of MHC class I molecules and TCR failed to reproduce 
the effects of T:T presentation. Taken together, these data suggest that 
T:T Ag presentation induces anergy and apoptosis in murine CD8sup + T 
cells and may reflect the regulatory consequences of T:T interactions in 
the course of clonal expansion in vivo. 
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Cutting edge: CTLA-4 ligation delivers a unique signal to resting human 
CD4 T cells that inhibits interleukin-2 secretion but allows bcl-X(L) 
induction 
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We have assessed the functional effects of a panel of CTLA-4 mAbs on 
resting human CD4sup + T cells. Our results demonstrate that some CTLA-4 
mAbs can inhibit proliferative responses of resting CD4sup -I- cells and cell 
cycle transition from Ginf 0 to Ginf 1. The inhibitory effects of CTLA-4 
were evident within 4 h, at a time when cell surface CTLA-4 expression 
remained undetectable. Other CTLA-4 mAbs had no detectable inhibitory 
effects, indicating that binding of Ab to CTLA-4 alone is. not sufficient to 
mediate down-regulation of T cell responses. Interestingly, while IL-2 
production was shut off, inhibitory anti-CTLA-4 mAbs permitted 
induction and expression of the cell survival gene bcl-X(L). Consistent 
with this observation, cells remained viable and apoptosis was not 
detected after CTLA-4 ligation. 
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Cytotoxic T lymphocyte-associated antigen 4 (CTLA-4) regulates the 
unfolding of autoimmune diabetes 
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Evidence has been accumulating that shows that insulin-dependent diabetes 
is subject to immunoregulation . To determine whether cytotoxic T 
lymphocyte-associated antigen 4 (CTLA-4) is involved, we injected 
anti-CTLA- 4 mAb into a TCR transgenic model of diabetes at 
different stages of disease. When injected into young mice, months before 
they would normally become diabetic, anti-CTLA-4 induced 

diabetes rapidly and essentially universally; this was not the result of a 
global acti vation of T lymphocytes, but did reflect a much more aggressive 
T cell infiltrate in the pancreatic islets. These effects were only 
observed if anti-CTLA-4 was injected during a narrow time 

window, before the initiation of insulitis. Thus, engagement of CTLA-4 at 
the time when potentially diabetogenic T cells are first activated is a 
pivotal event; if engagement is permitted, invasion of the islets occurs, 
but remains quite innocuous for months, if not, insulitis is much more 
aggressive, and diabetes quickly ensues. 
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antigen administration. 
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Interactions between B7 molecules on antigen-presenting cells and CTLA-4 
on T cells have been shown to be important in establishing ***tolerance*** 
In the present study, we examined the kinetics of tolerance induction 
following i.v. administration of myelin basic protein (MBP) Acl-11 in mice 
transgenic for a TCR V(beta)8.2 gene derived from an encephalitogenic T 
cell clone specific for MBP Acl-11. Examination of the lymph node cell 
( LNC) response 10 days after antigen administration demonstrated an 
accentuation of i.v. ***tolerance*** induction with ***anti*** - +**CTLA*** 
-4 

blockade. Anergy was induced in splenocytes by i.v. antigen administration 

as shown by a decrease in MBP-specific proliferation and IL-2 production, 

and ***anti*** - **+CTLA**+ -4 potentiated this effect. In addition, i.v. 

antigen plus anti-CTLA-4 and complete Freund ' s adjuvant was not 

encephalitogenic. Interestingly, i.vi * * + tolerance*** (a single injection) 
did not inhibit experimental autoimmune encephalomyelitis (EAE) and 

***anti*** - *+*CTLA*** -4 administration did not alter this phenotype. These 
results suggest that while the majority of MBP-specific T cells are 
tolerized by i.v. antigen and that this process is potentiated by 
anti-CTLA -4 administration, a population of T cells remains 
that is quite efficient in mediating EAE. 
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The development of a normal T cell repertoire in the thymus . is dependent 
on the interplay between signals mediating cell survival (positive 
selection) and cell death (negative selection or death by neglect) . 
Although the CD28 cos timulatory molecule has been implicated in this 
process, it has been difficult to establish a role for the other major 



costimulatory molecule, cytotoxic T lymphocyte antigen (CTLA)-4. Here we 
report that in vivo stimulation through the T cell receptor (TCR)-CD3 
complex induces expression of CTLA-4 in thymocytes and leads to the 
association of CTLA-4 with the SH2 domain-containing phosphatase (SHP)-2 
tyrosine phosphatase. Moreover, intrathymic CTLA-4 blockade dramatically 
inhibits anti-CD3-mediated depletion of CD4+CD8+ double positive immature 
thymocytes. Similarly, anti-CD3-mediated depletion of CD4+CD8+ double 
positive cells in fetal thymic organ cultures could also be inhibited by 

***anti*** - ***CTLA*** -4 antibodies. Thus, our data provide evidence for a 
role of CTLA-4 in thymic selection and suggest a novel mechanism 
contributing to the regulation of TCR-mediated selection of T cell 
repertoires . 
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Using an IL-2-secreting , noncytolytic, H-Y-speci f ic, CD8+ T cell clone, 
the functional consequences of Ag presentation by T cells to T cells were 
investigated. Incubation of the T cells with H-Y-soluble peptide led to 
nonresponsiveness to Ag rechallenge. This was due to the simultaneous 
induction of apoptosis, involving approximately 40% of the T cells, 
and of anergy in the surviving cells. These effects were strictly dependent 
upon bidirectional T:T presentation, in that exposure of C6 cells to 
peptide-pulsed T cells from the same clone induced proliferation but not 

***apoptosis*** or anergy. The inhibitory effects of T:T presentation were 
not due to a lack of costimulation, since the T cells expressed levels of 
CD80 and CD86 higher than those detected on cultured dendritic cells and 
equipped them to function as efficient APCs for primary CD8+ T cell 
responses. Following incubation with soluble peptide, CD80 expression 
increased, and high levels of CTLA-4 (CD152) expression were induced. 
Although addition of anti-CTLA-4 Ab augmented proli f eration . in 
response to soluble peptide, no protection from apoptosis or anergy 
was observed. Neither Fas nor TNF-alpha was expressed/produced by the C6 
cells, and coligation of MHC class I molecules and TCR failed to reproduce 
the effects of T:T presentation. Taken together, these data suggest that 
T:T Ag presentation induces anergy and apoptosis in murine CD8+ T 
cells and may reflect the regulatory consequences of T:T interactions in 
the course of clonal expansion in vivo. 

Record Date Created: 19980504 

Record Date Completed: 19980504 



17/7/15 



(Item 4 from file: 155) 



DIALOG (R) File 155 : MEDLINE ( R) 

(c) format only 2007 Dialog. All rts. reserv. 

11739136 PMID: 9551948 

CTLA-4 ligation delivers a unique signal to resting human CD4 T cells 
that inhibits interleukin-2 secretion but allows Bcl-X(L) induction. 
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We have assessed the functional effects of a panel of CTLA-4 mAbs on 
resting human CD4 + T cells. Our results demonstrate that some CTLA-4 mAbs 
can inhibit proliferative responses of resting CD4+ cells and cell cycle 
transition from GO to Gl . The inhibitory effects of CTLA-4 were evident 
within 4 h, at a time when cell surface CTLA-4 expression remained 
undetectable. Other CTLA-4 mAbs had no detectable inhibitory effects, 
indicating that binding of Ab to CTLA-4 alone is not sufficient to mediate 
down-regulation of T cell responses. Interestingly, while IL-2 production 
was shut off, inhibitory anti-CTLA-4 mAbs permitted induction 
and expression of the cell survival gene bcl-X(L). Consistent with this 
observation, cells remained viable and apoptosis was not detected 
after CTLA-4 ligation. 
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The role of CTLA-4 in tolerance induction and T cell differentiation 

in experimental autoimmune encephalomyelitis: I. v. antigen administration 
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ABSTRACT: Interactions between B7 molecules on antigen-presenting cells and 
CTLA-4 on T cells have been shown to be important in establishing 

***tolerance*** . In the present study, we examined the kinetics of 
***tolerance*** induction following i.v. administration of myelin basic 
protein (MBP) Acl-11 in mice transgenic for a TCR Vbeta8.2 gene derived 
from an encephalitogenic T cell clone specific for MBP Acl-11. 
Examination of the lymph node cell (LNC) response 10 days after antigen 
administration demonstrated an accentuation of i.v. ***tolerance ++f 
induction with ***anti*** - ++* CTLA +++ _ 4 blockade. Anergy was induced in 
splenocytes by i.v. antigen administration as shown by a decrease in 
MBP-specific proliferation and IL-2 production, and anti-CTLA 
-4 potentiated this effect. In addition, i.v. antigen plus ***anti* + *" - 

***CTLA*** -4 and complete Freund's adjuvant was not encephalitogenic. 
Interestingly, i.v. *** tolerance*** (a single injection) did not inhibit 
experimental autoimmune encephalomyelitis (EAE) and anti-CTLA 
-4 administration did not alter this phenotype. These results suggest 
that while the majority of MBP-specific T cells are tolerized by i.v. 
antigen and that this process is potentiated by anti-CTLA-4 
administration, a population of T cells remains that is quite efficient 
in mediating EAE. 
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ABSTRACT: Recent evidence suggests that co-stimulation provided by B7 
molecul es through CTLA— 4 is important in establishing peripheral 

***tolerance*** . In the present study, we examined the kinetics of 
***tolerance*** induction and T cell differentiation following i.p. 
administration of myelin basic protein (MBP) Acl-11 in mice transgenic 
for a TCR Vbeta8.2 gene derived from an encephalitogenic T cell clone 
specific for MBP Acl-11. Examination of the lymph node cell response 
after antigen administration demonstrated a dependence on CTLA-4 for i.p. 

***tolerance*** induction. Examination of splenocyte responses suggested 
that i.p. antigen administration induced a Th2 response, which was 
potentiated by ***anti*** - ***CTLA*** -4 administration. Interestingly, 
i.p. ***tolerance*** was able to inhibit the induction of experimental 
autoimmune encephalomyelitis and anti-CTLA-4 administration 
did not alter this phenotype, suggesting that CTLA-4 blockade did not 
block ***tolerance*** induction. Thus, T cell differentiation and the 
dependence on CTLA-4 for ***tolerance*** induction following i.p. antigen 
administration differs between lymph node and spleen in a model of 
organ-specific autoimmunity. 
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ABSTRACT: A tumor-specific CD8 + T cell response was studied using adoptive 
transfer of OT-I TCR transgenic cells. Upon i.p. challenge with E.G7 
tumor, OT-I cells undergo CD4+ T cell-independent expansion at the tumor 
site and develop lytic function. Before tumor elimination, however, they 
leave the peritoneal cavity (PC) and appear in the LN and spleen where 
they exhibit "split anergy" and cannot further proliferate to antigen. 
Administering anti-CTLA-4 mAb early caused sustained OT-1 
expansion in the PC, and late administration caused the OT-I cells to 
return to the PC and further expand; in both cases, tumor was controlled. 
These effects required CD4+ T cells and IL-2 and appear to result from 
reversal of the nonresponsive state of the CD8 + T cells. 
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ABSTRACT: The induction of T cell anergy in vivo is thought to result from 
antigen recognition in the absence of co-stimulation and inflammation, 
and is associated with a block in T cell proliferation and Thl 
differentiation. Here we have examined the role of interleukin (IL)-12, a 
potent inducer of Thl responses, in regulating this process. T cell 
tolerance was induced- by the administration of protein antigen 
without adjuvant in normal mice, and in recipients of adoptively 
transferred T cells from T cell receptor transgenic mice. The 
administration of IL-12 at the time of tolerance induction 
stimulates Thl differentiation, but does not promote antigen-specific T 
cell proliferation. Conversely, inhibiting CTLA-4 engagement during 
anergy induction reverses the block in T cell proliferation, but does not 
promote fun Thl differentiation. T cells exposed to tolerogenic antigen 
in the presence of both IL-12 and anti-CTLA-4 antibody are 
not energized, and behave identically to T cells which have encountered 
immunogenic antigen. These, results suggest that two processes contribute 
to the induction of anergy in vivo; CTLA-4 engagement, which leads to a 
block in the ability of T cells to proliferate to antigen, and the 
absence of a prototypic inflammatory cytokine, IL-12, which prevents the 
differentiation of T cells into Thl effector cells. The combination of 
IL-12 and anti-CTLA-4 antibody is sufficient to convert a 
normally tolerogenic stimulus to an immunogenic one. 
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ABSTRACT: CTLA-4 is a CD28 homologue believed to be a negative regulator of 
T cell function. However, the mechanism of this downregulatory activity 
is not well understood. The present study was designed to examine the 
effect of CTLA-4 ligation on cytokine production, cell survival, and cell 
cycle progression. The results demonstrate that the primary effect of 
CTLA-4 ligation is not the induction of ***apoptosis** * . Instead, CTLA-4 
signaling blocks IL-2 production, IL-2 receptor expression, and cell 
cycle progression of activated T cells. Moreover, the effect of CTLA-4 
signaling was manifested after initial T cell activation. Inhibition of 
IL-2 receptor expression and cell cycle progression was more pronounced 
at late (72 h) time points after initial activation. The effects of 
anti-CTLA-4 mAbs were most apparent in the presence of 

optimal CD28-mediated co-stimulation consistent with the finding that 
CTLA-4 upregulation was CD28-dependent . Finally, the addition of 



exogenous IL-2 to the cultures restored IL-2 receptor expression and T 
cell proliferation. These results suggest that CTLA-4 signaling does not 
regulate cell survival or responsiveness to IL-2, but does inhibit 
CD28-dependent IL-2 production. 
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A tumor-specific CD8sup + T cell response was studied using adoptive 
transfer of OT-I TCR transgenic cells. Upon i.p. challenge with E.G7 tumor, 
OT-I cells undergo CD4sup + T cell-independent expansion at the tumor site 
and develop lytic function. Before tumor elimination, however, they leave 
the peritoneal cavity (PC) and appear in the LN and spleen where they 
exhibit 'split anergy' and cannot further proliferate to antigen. 
Administering anti- CTLA-4 mAb early caused sustained OT-1 
expansion in the PC, and late administration caused the OT-I cells to 
return to the PC and further expand; in both cases, .tumor was controlled. 
These effects required CD4sup + T cells and IL-2 and appear to result from 
reversal of the nonresponsive state of the CD8sup + T cells. 
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Long-term survival of skin allografts induced by donor splenocytes and 
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interferon- gamma, and CTLA4 
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Treatment of C57BL/6 mice with one transfusion of BALB/c spleen cells and 
anti-CD154 (anti-CD4 0-ligand) antibody permits BALB/c islet grafts to 
survive indefinitely and BALB/c skin grafts to survive for - 50 d without 
further intervention. The protocol induces long-term allograft survival, 
but the mechanism is unknown. We now report: (a) addition of thymectomy to 
the protocol permitted skin allografts to survive for > 100 d, suggesting 



that graft rejection in euthymic mice results from thymic export of 
alloreactive T cells, (b) Clonal deletion is not the mechanism of 
underlying long-term graft survival, as recipient thymectomized mice were 
immunocompetent and harbor alloreactive T- cells, (c) Induction of skin 
allograft acceptance initially depended on the presence of IFN-gamma, 
CTLA4 , and CD4sup + T cells. Addition of ***anti*** - ***CTLA4*** or 
anti-IFN-gamma mAb to the protocol was associated with prompt graft 
rejection, whereas anti-IL-4 mAb had no effect. The role of IFN-gamma was 
confirmed using knockout mice, (d) Graft survival was associated with the 
absence of IFN-gamma in the graft, (e) Long-term graft maintenance required 
the continued presence of CD4sup + T cells. The results suggest that, with 
modification, our short-term protocol may yield a procedure for the 
induction of long-term graft survival without prolonged immunosuppression. 
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Cytotoxic T" lymphocyte Ag-4 (CTLA-4; CD152) is an important T cell 
regulatory molecule. In vitro experiments have shown that the blockade of 
signals through CTLA-4 augments T cell expansion, while CTLA-4 
cross-linking results in decreased T cell proliferation due to decreased 
IL-2 production. However, less is known about the role of CTLA-4 -in 
regulating an ongoing immune response. In this study, we examined the role 
of CTLA-4 in the expansion, decline, tolerization, and differentiation of T 
cells following treatment with staphylococcal enterotoxin B (SEB) . 
Anti-CTLA-4 treatment resulted in increased numbers of 

SEB-reactive T cells and blockade of subsequent *** tolerance*** induction. 

Further examination of the SEB-reactive cells from anti-CTLA 

-4-treated mice demonstrated that both the CD4sup + and CD8sup + Vbeta8sup 

+ T cells produced IL-4, providing evidence that not only do signals 

through CTLA-4 regulate T cell-tolerizing events, but they also play an 

important role in the differentiation of T cells in vivo. 
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Using an IL-2-secreting, noncytolytic, H-Y-specif ic, CD8sup + T cell 
clone, the functional consequences of Ag presentation by T cells to T cells 
were investigated. Incubation of the T cells with H-Y-soluble peptide led 
to nonresponsiveness to Ag rechallenge. This was due to the simultaneous 
induction of apoptosis, involving approximately 40% of the T cells, 
and of anergy in the surviving cells. These effects were strictly dependent 
upon bidirectional T:T presentation, in that exposure of C6 cells to 
peptide- pulsed T cells from the same clone induced proliferation but not 

***apoptosis*** or anergy. The inhibitory effects of T:T presentation were 
not due to a lack of cos timulation, since the T cells expressed levels of 
CD80 and CD86 higher than those detected on cultured dendritic cells and 
equipped them to function as efficient APCs for primary CD8sup + T cell 
responses . Following incubati on with soluble peptide, CD80 expression 
increased, and high levels of CTLA-4 (CD152) expression were induced. 
Although. addition of anti-CTLA-4 Ab augmented proliferation in 
response to soluble peptide, no protection from apoptosis or anergy 
was observed. Neither Fas nor TNF-alpha was expressed/produced by the C6 
cells, and coligation of MHC class I molecules and TCR failed to reproduce 
the effects of T:T presentation. Taken together, these data suggest that 
T:T Ag presentation induces anergy and apoptosis in murine CD8sup + T 
cells and may reflect the regulatory consequences of T:T interactions in 
the course of clonal ■ expansion in vivo. 
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Cutting edge: CTLA-4 ligation delivers a unique signal to resting human 
CD4 T cells that inhibits interleukin-2 secretion but allows bcl-X(L) 
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We have assessed the functional effects of a panel of CTLA-4 mAbs on 
resting human CD4sup + T cells. Our results demonstrate that some CTLA-4 
mAbs can inhibit proliferative responses of resting CD4sup + cells and cell 
cycle transition from Ginf 0 to Ginf 1. The inhibitory effects of CTLA-4 
were evident within 4 h, at a time when cell surface CTLA-4 expression 
remained undetectable. Other CTLA-4 mAbs had no detectable inhibitory 
effects, indicating that binding of Ab to CTLA-4 alone is not sufficient to 
mediate down-regulation of T cell responses. Interestingly, while IL-2 
production was shut off, inhibitory anti-CTLA-4 mAbs permitted 
induction and expression of the cell survival gene bcl-X(L). Consistent 
with this observation, cells remained viable and apoptosis was not 
detected after CTLA-4 ligation. 
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Evidence has been accumulating that shows that insulin-dependent diabetes 
is subject to immunoregulation . To determine whether cytotoxic T 
lymphocyte-associated antigen 4 (CTLA-4) is involved, we injected 
anti-CTLA- 4 mAb into a TCR transgenic model of diabetes at 
different stages of disease. When injected into young mice, months before 
they would normally become diabetic, anti-CTLA-4 induced 

diabetes rapidly and essentially universally; this was not the result of a 
global activation of T lymphocytes, but did reflect a much more aggressive 
T cell infiltrate in the pancreatic islets. These effects were only 
observed if anti-CTLA-4 was injected during a narrow time 

window, before the initiation of insulitis. Thus, engagement of CTLA-4 at 
the time when potentially diabetogenic T cells are first activated is a 
pivotal event; if engagement is permitted, invasion of the islets occurs, 
but remains quite innocuous for months, if not, insulitis is much more 
aggressive, and diabetes quickly ensues. 
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Interactions between B7 molecules on antigen-presenting cells and CTLA-4 
on T cells have been shown to be important in establishing * tolerance* * * 
In the present study, we examined the kinetics of tolerance induction 
following i.v. administration of myelin basic protein (MBP) Acl-11 in mice 
transgenic for a TCR V(beta)8.2 gene derived from an encephali togenic T 



cell clone specific for MBP Acl-11. Examination of the lymph node cell 
(LNC) response 10 days after antigen administration demonstrated an 
accentuation of i.v. *** tolerance*** induction with ***anti*** - ***CTLA** 
-4 

blockade. Anergy was induced in splenocytes by i.v. antigen administration 

as shown by a decrease in MBP-specific proliferation and IL-2 production, 

and ***anti*** - + ++ CTLA +++ _ 4 potentiated this effect. In addition, i.v 

antigen plus anti-CTLA-4 and complete Freund's adjuvant was not 

encephalitogenic. Interestingly, i.v. *** tolerance*** (a single injection) 
did not inhibit experimental autoimmune encephalomyelitis (EAE) and 

***anti*** - ***CTLA*** -4 administration did not alter this phenotype. Thes 
results suggest that while the majority of MBP-specific T cells are 
tolerized by i.v. antigen and that this process is potentiated by 
anti-CTLA -4 administration, a population of T cells remains 
that is quite efficient in mediating EAE. 
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Cytotoxic T lymphocyte antigen 4 is induced in the thymus upon in vivo 
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The development of a normal T cell repertoire in the thymus is dependent 
on the interplay between signals mediating cell survival (positive 
selection) and cell death (negative selection or death by neglect) . 
Although the CD28 cos timulatory molecule has . been implicated in this 
process, it has been difficult to establish a role for the other major • 
costimulatory molecule, cytotoxic T lymphocyte antigen (CTLA)-4. Here we 
report that in vivo stimulation through the T cell receptor (TCR) -CD3 
complex induces expression of CTLA-4 in thymocytes and leads to the 
association of CTLA-4 with the SH2 domain-containing phosphatase (SHP)-2 
tyrosine phosphatase. Moreover, intrathymic CTLA-4 blockade dramatically 
inhibits anti-CD3-mediated depletion of CD4+CD8+ double positive immature 
thymocytes. Similarly, anti-CD3-mediated depletion of CD4+CD8+ double 
positive cells in fetal thymic organ cultures could also be inhibited by 

***anti**+ - ++*CTLA*** -4 antibodies. Thus, our data, provide evidence for 
role of CTLA-4 in thymic selection and suggest a novel mechanism 
contributing to the regulation of TCR-mediated selection of T cell 
repertoires . 
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T:T antigen presentation by activated murine CD8 + T cells induces anergy 
and ***apoptosis*** 

Chai J G; Bartok I; Scott D; Dyson J; Lechler R 

Department of Immunology, Hammersmith Hospital, Imperial College of 
Science, Technology, and Medicine, London, United Kingdom. 

Journal of immunology (Baltimore, Md. - 1950) (UNITED STATES) Apr 15 
1998, 160 (8) p3655-65, ISSN 0022-1767— Print Journal Code: 
2985117R 

Publishing Model Print 

Document type: In Vitro; Journal Article; Research Support, Non-U.S. 
Gov't 

Languages : ENGLISH 

Main Citation Owner: NLM 

Record type: MEDLINE; Completed 

Using an IL-2-secreting, noncytolytic, H-Y-speci f ic, CD8 + T cell clone, 
the functional consequences of Ag presentation by T cells to T cells were 
investigated. Incubation of the T cells with H-Y-soluble peptide led to 
nonresponsiveness to Ag rechallenge. This was due to the simultaneous 
induction of apoptosis, involving approximately 40% of the T cells, 
and of anergy in the surviving cells. These effects were strictly dependent 
upon bidirectional T:T presentation, in that exposure of C6 cells to 
peptide-pulsed T cells from the same clone induced proliferation but not 

***apoptosis*** or anergy. The inhibitory effects of T:T presentation were 
not due to a lack of costimulation, since the T cells expressed levels of 
CD80 and CD86 higher than those detected on cultured dendritic cells and 
equipped them to function as efficient APCs for primary CD8 + T cell 
responses. Following incubation with soluble peptide, CD80 expression 
increased, and high levels of CTLA-4 (CD152) expression were induced. 
Although addition of anti-CTLA-4 Ab augmented proliferation in 
response to soluble peptide, no protection from apoptosis or anergy 
was observed. Neither Fas nor TNF-alpha was expressed/produced by the C6 
cells, and coligation of MHC class I molecules and TCR failed to reproduce 
the effects of T:T presentation. Taken together, these data suggest that 
T:T Ag presentation induces anergy and apoptosis in murine CD8+ T 
cells and may reflect the regulatory consequences of T:T interactions in 
the course of clonal expansion in vivo. 
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CTLA-4 ligation delivers a unique signal to resting human CD4 T cells 
that inhibits interleukin-2 secretion but allows Bcl-X(L) induction. 

Blair P J; Riley J L; Levine B L; Lee K P; Craighead N; Francomano T; 
.Perfetto S J; Gray G S; Carreno B M; June C H 

Naval Medical Research Institute, Bethesda, MD 20889-5607, USA. 

Journal of immunology (Baltimore, ' Md. - 1950) (UNITED STATES) Jan 1 
1998, 160 (1) pl2-5, ISSN 0022-1767--Print Journal Code: 
2985117R 

Publishing Model Print 

Document type: Journal Article; Research Support, U.S. Gov't, Non-P.H.S. 

Languages : ENGLISH 

Main Citation Owner: NLM 

Record type: MEDLINE; Completed 

We have assessed the functional effects of a panel of CTLA-4 mAbs on 
resting human CD4+ T cells. Our results demonstrate that some CTLA-4 mAbs 
can inhibit proliferative responses of resting CD4+ cells and cell cycle 



transition from GO to Gl . The inhibitory effects of CTLA-4 were evident 
within 4 h, at a time when cell surface CTLA-4 expression remained 
undetectable. Other CTLA-4 mAbs had no detectable inhibitory effects, 
indicating that binding of Ab to CTLA-4 alone is not sufficient to mediate 
down-regulation of T cell responses. Interestingly, while IL-2 production 
was shut off, inhibitory anti-CTLA-4 mAbs permitted induction 
and expression of the cell survival gene bcl-X(L). Consistent with this 
observation, cells remained viable and apoptosis was not detected 
after CTLA-4 ligation. 
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